Introduction
============

Sevoflurane is a popular anesthetic for children because it is less pungent and it has a rapid onset and offset because of its lower solubility in blood, and this drug shows a relative lack of airway irritation and greater hemodynamic stability. Yet sevoflurane anesthesia is frequently associated with emergence agitation (EA) in children.

The purpose of this study was to compare the incidences of EA between ketamine and thiopental sodium anesthetic induction in children underwent sevoflurane anesthesia. Also, we investigated if a small dose of fentanyl could reduce the incidence of EA. The relation between preoperative anxiety and postoperative agitation was studied.

Materials and Methods
=====================

After obtaining the approval of the Ethics Committee at the author\'s institution and informed parental consent, 95 children who were 3-10 yrs old, pertaining to ASA physical status 1 and undergoing surgery for strabismus or entropion were studied. None of the patients had a history of previous anesthesia, cardiovascular disease, pulmonary or neurologic disease and/or current upper respiratory infection.

The patients were not premedicated, and the standard monitoring included an electrocardiogram, a sphygmomanometer and a pulse oximeter. The patients were randomly assigned to one of four groups. The patients received an IV injection of an equal volume of either 1.5 µg/kg of fentanyl or saline. The patients of Groups 1 and 2 were induced anesthesia with ketamine 1.5 mg/kg; those of Groups 3 and 4 were induced with thiopental sodium 5 mg/kg. The patients in Groups 1 and 3 received an injection of fentanyl 1.5 µg/kg after anesthetic induction, whereas the patients in Groups 2 and 4 received the same volume of IV saline. If the patients were anxious with receiving anesthesia or separation from the parents in the preanesthetic room, then a 1/2 dose of ketamine or thiopental sodium was injected. After loss of the eyelid reflex, the face mask was fitted with sevoflurane 3 vol% in O~2~ 4 L/min, then rocuronium 0.4 mg/kg was injected and endotracheal intubation was performed after 3 minutes. Ketorolac 0.5 mg/kg and ondansetron 0.1 mg/kg were administered to each child immediately after the induction of anesthesia. Anesthesia was maintained with O~2~ 1.5 L/min, N~2~O 1.5 L/min and sevoflurane 2-3 vol%. The anesthetic gas concentrations were adjusted to maintain adequate anesthesia and stable hemodynamics. Lung ventilation was controlled to maintain the end-tidal carbon dioxide tension at 30-35 mmHg. At the completion of surgery, the anesthetics were discontinued and neuromuscular blockade was antagonized with pyridostigmine 0.2 mg/kg and glycopyrrolate 0.008 mg/kg, and the children were allowed to breathe spontaneously. The endotracheal tube was removed after the return of sufficient spontaneous ventilation and the gag reflex. The time from discontinuation of the anesthetic gas to extubation and the duration of anesthesia were recorded.

The patients were subsequently transferred to the recovery room. In the recovery room, the state of emergence was evaluated by an anesthesiologist who was blind to the anesthetic technique used for each patient. The state of Emergence was characterized on a 3-point scale: 1 = asleep, calm or mildly agitated; 2 = moderately agitated or restless, but consolable; 3 = hysterical, crying inconsolable or thrashing. For purposes of the study, the patients were considered agitated if they had a score of 3.

Statistical analyses were performed using SPSS for Windows, V.16.O (SPSS Inc., Chicago, IL, USA). The demographic data was analyzed using chi-square tests and one-way analysis of variance (ANOVA) followed by Turkey\'s test. Fisher\'s exact test was applied to compare the preoperative anxiety and the incidence of agitation between the four groups. EA was analyzed using a multivariate logistic regression model in which the dependent variable was the presence or absence of EA and the independent variables included the kind of medication, gender, age, weight, the presence of preoperative anxiety, the extubation time and the duration of anesthesia. The Cochran-Mantel-Haenszel test was performed to determine whether any association was present between the presence of preoperative anxiety and the incidence of agitation. Statistical significance was assumed for P values \< 0.05.

Results
=======

The groups were similar in gender, the kind of operation and the duration of anesthesia, but the preoperative anxiety was different in Groups 3 and 4 than that in Groups 1 and 2. And the age and weight were higher in Groups 3 and 4 than that in Groups 1 and 2 ([Table 1](#T1){ref-type="table"}) (P \< 0.05). The incidence of emergence agitation was significantly higher in Groups 2 and 4, but there was no difference between Groups 2 and 4. There was no statistically significant difference among the four groups for the time to extubation ([Table 2](#T2){ref-type="table"}) (P \> 0.05). Logistic regression analysis showed the risk factor for EA was only the kind of medication. Group 2 had almost an eleven-fold higher risk of developing EA than Group 1, and Group 4\'s risk of developing EA was sixty-nine-fold higher than that of Group 1 ([Table 3](#T3){ref-type="table"}). The incidence of preoperative anxiety was higher in Group 1 and 2, but this had no correlation with EA ([Table 4](#T4){ref-type="table"}).

Discussion
==========

This study shows that the incidences of emergence agitation (EA) are similar between ketamine and thiopental sodium anesthetic induction in children undergoing strabismus and entropion surgery. In addition, 1.5 µg/kg of fentanyl after anesthetic induction markedly decreased the incidence of EA. Because there was a significant difference in the age, weight and preoperative anxiety between the groups, we analyzed the data with multivariate logistic regression analysis to determine what variables affected the incidence of EA, and the only variable that correlated with EA was the kind of medication.

Some investigator has asserted that the fentanyl doesn\'t decrease the EA \[[@B1]\], but our current results are consistent with those of the other studies that had demonstrated a decrease of EA with the use of fentanyl. One microgram of fentanyl per kilogram of body weight during anesthetic induction can reduce the EA in patients with moderate developmental disabilities \[[@B2]\], but other data has revealed that more than 2-5 µg/kg of fentanyl was effective \[[@B3]-[@B6]\]. A minimum 3 µg/kg of fentanyl will be needed to achieve adequate analgesia because a steady state plasma concentration of about 1.5 ng/ml of fentanyl provides adequate analgesia \[[@B7]\]. In our hospital, we use 1.5 µg/kg of fentanyl for anesthetic induction because of the concerns about bradycardia, delayed awakening and respiratory depression after surgery with the use of more than 2 µg/kg of fentanyl. Yet other reports have shown that there were no significant adverse effects after the use 2 µg/kg of fentanyl.

The effect of an anesthetic inducting agent causing EA has showed a lack of consistency in several studies. The incidence of EA after sevoflurane anesthesia during inguinal herniorraphy was similar in the thiopental sodium, propofol or ketamine induction groups. Some investigators have reported that ketamine, but not propofol, provides additional effects on decreasing the incidence of EA in pediatric patients \[[@B8]\], and ketamine induction provides less EA when compared to thiopental induction for desflurane anesthesia for a tonsillectomy and adenoidectomy without delayed recovery \[[@B9]\]. However, another report showed that the EA after sevoflurane anesthesia was significantly reduced by propofol induction, as compared with thiopental sodium \[[@B10]\]. Our study demonstrated no difference in the incidence of EA between ketamine and thiopental anesthetic induction for sevoflurane anesthesia. Meanwhile, the administration of alfentanil 10 µg/kg after induction reduced the EA \[[@B11]\], and 1 mg/kg of ketorolac, 0.5-1 µg/kg of dexmedetomidine and caudal block after anesthetic induction markedly diminished the EA \[[@B3],[@B12]-[@B14]\]. Also, premedication with midazolam and oral ketamine has been shown to decrease the EA \[[@B4],[@B15],[@B16]\].

An effective method to reduce the EA is the addition of drugs at the end of sevoflurane anesthesia and 1 µg/kg of fentanyl, 1 mg/kg of propofol, 0.1 mg/kg of nalbuphine and 0.25 mg/kg of ketamine can decrease the EA without delaying recovery or discharge from the postanesthesia care unit (PACU) \[[@B17]-[@B22]\]. In children undergoing strabismus surgery, 1 mg/kg of propopfol at the end of surgery decreased the incidence of EA and improved the parents\' satisfaction \[[@B18]\].

EA often results in physical harm to the child that may require additional treatment and increase the length of the postanesthesia care unit stay. There are many factors that can cause EA such as anesthetic agents, rapid emergence from anesthesia, otolaryngologic and ophthalmologic procedures, a previous op history, age, preoperative anxiety, pain, bladder expansion and a non-familiar environment \[[@B23],[@B24]\]. EA occurs most frequently in the initial 10 min of recovery, the duration is generally limited and it resolves spontaneously within 30 min. However, prolonged episodes of agitation lasting for up to 2 days have been described, and additional medications such as opioids, benzodiazepine and hypnotics to address the retractable excitation may delay discharge from the recovery room and add additional costs \[[@B23],[@B25]\].

Postoperative pain is an important factor leading to EA, and it is difficult to differentiate the agitated behavior resulting from pain or EA. But the incidence of EA was still high in the studies that used 0.5 mg/kg of ketorolac or regional anesthetic techniques for low abdominal surgery, and even pain-free radiologic procedures \[[@B14],[@B17],[@B21],[@B26]\]. Postoperative nausea and vomiting further increase the severity and the incidence of EA, so we injected 0.1 mg/kg of ondansetron. Preoperative anxiety may be associated with adverse postoperative events, such as emergence agitation, or even behavioral changes during the postoperative period. Yet other studies haven\'t demonstrated that a relationship between preoperative anxiety and EA \[[@B24],[@B27]\], and we could find no correlation between preoperative anxiety and EA.

Sevoflurane, with its low blood-gas solubility and blood-tissue solubility, has gained increasing acceptance for pediatric anesthesia. However, there are concerns about the EA after sevoflurane anesthesia, and the Incidence of EA has varied between 10-80% depending on the definition of EA used and the study design \[[@B28]\]. Several previous studies found no significant difference between sevoflurane and desflurane for the incidence of EA \[[@B1],[@B29]\], but some prospective studies have shown that sevoflurane resulted in EA more frequently \[[@B26]\] or vice versa \[[@B28],[@B30]\]. There are also conflicting results in the literature for the incidence of EA between sevoflurane and isoflurane anesthesia.

In conclusion, anesthetic induction with thiopental and ketamine showed no difference in the incidence of EA, and the administration of 1.5 µg/kg of fentanyl after the anesthetic induction reduced the incidence of EA without delaying the recovery time in children undergoing strabismus or entropion surgery under sevoflurane anesthesia. Preoperative anxiety had no significant relationship with EA.
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Demographic Data
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Values are mean ± SD or n, ns: not significant. ^\*^P \< 0.05 versus Group 1.
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Time to Extubation, Incidence of Emergence Agitation
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Values are mean ± SD or n: not significant. ^\*^P \< 0.05 versus Group 1. ^†^P \> 0.05 versus Group 2.
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Multivariate Regression Model Relating Potential Predictors for Emergence Agitation
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^\*^P \< 0.05.
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Preoperative Anxiety and EA
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Values are n. NEA: no emergence agitation (score 1/2), EA: emergence agitation (score 3). Data was analyzed using Cochran-Mantel-Haenszel test. P \> 0.05.
